Utilizing a planar five coordinating N3S2 ligand, 2,6-bis(2-methylthiophenyliminomethyl)pyridine, a pseudo 7-coordinated manganese(II) complex with two labile triflate anions in the axial positions was synthesized. The reaction of the manganese(II) complex with an oxidant, iodosylbenzene, produced a metastable high-valent manganese(IV)-oxo species at 0 o C. The high-valent Mn(IV)-oxo intermediate was characterized with a UV-vis spectrophotometer and an electrospray ionization mass spectroscopy. Reactivity studies of the Mn(IV)=O species revealed that the intermediate is capable 
Introduction
Together with iron, manganese occupies a central place in chemistry and biology owing to its rich catalytic redox reactivity. [1] [2] [3] [4] The active site located in the oxygen evolving center (OEC) at photosystem II 1,2 and oxidation catalysts 3, 4 are examples of well-known place containing manganese ions at their active sites. Interestingly, high-valent manganese-oxo intermediates are claimed as a key species both in the OEC and catalytic transformations. [1] [2] [3] [4] The importance of high-valent Mn-oxo intermediates has stimulated interests in creating synthetic analogues to probe aspects of their bonding and reactivity as well as expanding this chemistry to new applications, such as development of new catalysts which can generate O 2 from water molecules: The two Mn(V)=O species, resulted from two consecutive oxidations of the Mn(III)-OH 2 motif, can couple to generate Mn(IV)-O-O-Mn (IV) intermediates, which release O 2 leaving two Mn(III) sites. 5 Recently, manganese(V)-oxo porphyrin intermediates have been generated and characterized in aqueous solution and their stability and reactivities, depending on the pH of the reaction solutions, were reported. 6 It is noteworthy that manganese(V)-oxo complexes bearing non-porpyrinic macrocycles, such as corrole and corrolazine, have been reported to be very stable at room temperature. 7, 8 Much insight into the chemical properties of the high-valent manganese-oxo intermediates has been obtained by recent researches on manganese(V)-oxo complexes of porphyrin and non-porphyrin ligands. However, the detailed understanding of the relationship between the structure and the function of manganese complexes has not been achieved yet, which requires more modeling complexes synthesized to address each corresponding factor.
In this regard, we have initiated a program aimed at creating a new model system that can readily generate high-valent Mn-oxo intermediates. Exploring other geometries, different from previous attempts, may allow access to high-valent manganese centers with new and potentially interesting electronic, magnetic, and reactivity properties. The first deliberate efforts to position metal site in high or low coordination environment in model complexes are described here. We now report a manganese(II) complex with a new pseudo-seven coordination environment and its ability to form a high-valent Mn(IV)-oxo intermediate as an oxygen atom transfer reagent in oxidation reactions.
Experimental
General Considerations. 2,6-Bis(2-methylthiophenyliminomethyl)pyridine, ligand N3S2, was synthesized as previously described. 9 4-Methoxystyrene, N,N-dimethyl-toludine, triphenylphosphine, and solvents with high purity were obtained from commercial suppliers and used as received unless otherwise noted. PhIO 10 X-ray Crystallographic Studies. Intensity data were collected on a APEX CCD with a graphite-monochromatized Mo-Kα radiation, controlled by a PC running the SMART software package. A single crystal was mounted at room temperature on the tips of quartz fibers and cooled to 173 K under a stream of cold nitrogen. The structure was solved by the direct method and refined on F 2 using the SHEXTL software package. 12 All non-hydrogen atoms were refined anisotropically and hydrogen atoms were assigned idealized positions and given thermal parameters equivalent to 1.5 times the thermal parameter of the carbon atom to which they were attached. Crystallographic data for the structure reported here have been deposited with the Cambridge Crystallographic Data Centre (CCDC-717108 Table 1 and selected interatomic distances are listed in Table 2 . depicted in Figure 1 , and Table 2 lists selected interatomic distances. The manganese center has pseudo 7-coordinated geometry bound to two triflate anion, each in monodentate fashion with Fe-O distances of 2.130(3) Å. The other coordination sites are occupied by two S donors with the Mn···S1 distances of (2.7504(12) Å) and by three N atoms with the Mn···N distances of 2.226(4) and 2.430(3) Å. The comparatively long Fe-to-N1 distances are consequence from the strain of two five-membered rings, composed by the Mn atom and the N3S2 ligand. 9 Though it is seven-coordinated species in the solid state, we can envision that the two axial triflate anions may be in dissociation equilibrium in solution, . To understand the reaction product of 1a with organic substrates, 1 (1 mM) was dissolved in a solvent (2 mL) of acetone under Ar atmosphere and then mixed with 3 equiv. PhIO in methanol, followed by the addition of 10 equiv. of substrate, N,N-dimethyl-p-toludine, at 0 o C. After no color change was observed, solution of the reaction product was analyzed, resulting in the formation of N-methyl-p-toludine with 77 % yield. This result indicates that the oxidative N-dealkylation occurs upon reaction with the high-valent manganese(IV) oxo intermediate and the substrate. In the case of using triphenylphosphine (PPh3) as a substrate, triphenylphosphine oxide (O=PPh 3 ) was analyzed as a reaction product with the yield of 80%.
Results

Synthesis and Structural Characterization of [Mn(N3S2)-(OTf)2] (1)
.
Summary
The d 5 compound 1 with the N3O2S2 coordination environment exhibits low spin (S = 1/2) signals in ESR at 4K (data are not shown). However, as seen in the ESI-MS peak of 1, one triflate anion in the axial position can displace, resulting in the [Mn(II)(N3S2)(OTf)] + species. This cationic species may react with the excess of the oxidant, PhIO, resulted in the formation of a high-valent Mn(IV)=O intermediate, 1a, instead of Mn(V)=O species (Scheme 1). 13 In general, the redox potential of the metal center determines the ease with which the complex goes from one oxidation state to another. This means how easily the formation of the high-valent metal-oxo intermediates takes place in the reaction process. The redox property of manganese center depends on the nature of ligand bound to it.
14 Thus, the N3S2 ligand motif may predetermine which oxidation state of manganese intermediates be generated. Upon reaction with substrates, the generated high-valent Mn=O intermediate transfers the oxygen atom. The more complete understanding of the electrochemical effects of N3S2 ligand is clearly desirable. Although we now have clear evidence that compound 1 generates a high-valent Mn(IV)=O species, its exact structural information and how to generate Mn(V)=O species by moderate changes of the N3S2 ligand framework remains to be elucidated.
